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Disaster Exposure and Mental Health Among Puerto Rican Youths
After Hurricane Maria
Rosaura Orengo-Aguayo, PhD; Regan W. Stewart, PhD; Michael A. de Arellano, PhD; Joy Lynn Suárez-Kindy, PsyD; John Young, PhD

Abstract

Key Points

IMPORTANCE Quantifying the magnitude of disaster exposure and trauma-related symptoms
among youths is critical for deployment of psychological services in underresourced settings.
Hurricane Maria made landfall in Puerto Rico on September 20, 2017, resulting in massive destruction
and unprecedented mortality.

Question What was the magnitude of
disaster exposure and mental health
outcomes on Puerto Rican youths after
Hurricane Maria?
Findings Results from a public school–

OBJECTIVE To determine the magnitude of disaster exposure and mental health outcomes among

based survey administered to 96 108

Puerto Rican youths after Hurricane Maria.

students revealed that 83.9% saw
houses damaged, 57.8% had a friend or

DESIGN, SETTING, AND PARTICIPANTS Survey study in which a school-based survey was

family member leave the island, 45.7%

administered to each public school student at all schools in Puerto Rico between February 1 and June

reported damage to their own homes,

29, 2018 (5-9 months after Hurricane Maria). Of the 226 808 students eligible to participate, 96 108

32.3% experienced shortage of food or

students completed the survey.

water, 29.9% perceived their lives to be
at risk, and 16.7% still had no electricity

MAIN OUTCOMES AND MEASURES Participants were assessed for exposure to hurricane-related

5 to 9 months after the hurricane.

stressors, posttraumatic stress disorder (PTSD), and depressive symptoms, using standardized self-

Overall, 7.2% of youths reported

report measures administered in Spanish. Descriptive statistics were compiled for all outcome

clinically significant symptoms of

variables, as was the frequency of individuals reporting clinically elevated symptoms of PTSD or

posttraumatic stress disorder, with

depression. Differences in these statistics across sexes were also examined via t tests. Correlations

demographic and risk variables

between demographic, geographic, and main outcome variables were also calculated, and

accounting for approximately 20% of

regressions were conducted to examine their association with symptoms of PTSD.

variance in symptoms.
Meaning Puerto Rican youths

RESULTS A total of 96 108 students participated in the study (42.4% response rate; 50.3% female),
representative of grades 3 to 12 across all 7 educational regions of Puerto Rico. As a result of the
hurricane, 83.9% of youths saw houses damaged, 57.8% had a friend or family member leave the
island, 45.7% reported damage to their own homes, 32.3% experienced shortages of food or water,

experienced significant disaster
exposure and reported trauma-related
symptoms that warrant evidence-based
mental health services.

29.9% perceived their lives to be at risk, and 16.7% still had no electricity 5 to 9 months after the
hurricane. Overall, 7.2% of youths (n = 6900) reported clinically significant symptoms of PTSD;
comparison of the frequency of reporting clinically elevated symptoms of PTSD across sex yielded a
significant difference (t = 12.77; 95% CI of the difference, 0.018-0.025; P < .001), with girls (8.2%)
exceeding the clinical cutoff score more often than boys (6.1%). Finally, similar analysis of differences
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in depression between sexes was also significant (t = 17.56; 95% CI of the difference, 0.31-0.39;
P < .001), with girls displaying higher mean (SD) scores (2.72 [3.14]) than boys (2.37 [2.93]).
Demographic and risk variables accounted for approximately 20% of variance in symptoms of PTSD
(r2 = 0.195; 95% CI, 0.190-0.200).
CONCLUSIONS AND RELEVANCE Survey results indicate that Hurricane Maria exposed Puerto
Rican youths to high levels of disaster-related stressors, and youths reported high levels of PTSD and
depressive symptoms. Results are currently being used by the Puerto Rico Department of Education
(continued)
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Abstract (continued)

to inform targeted and sustainable evidence-based practices aimed at improving mental health
outcomes for Puerto Rico’s youths.
JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619

Introduction
On September 20, 2017, Hurricane Maria made landfall in the southeastern part of Puerto Rico,
causing catastrophic damage estimated at $90 billion and sustained outages of power, water, and
communications.1 The measurable effect to the infrastructure and length of time necessary to
restore services (ie, 3-13 months) marked the longest basic utility outage in US history. In addition,
the hurricane resulted in an estimated 2975 to 4645 deaths.2,3 Thus, Hurricane Maria was, and
continues to be, a public health crisis for the people of Puerto Rico.
Children are especially vulnerable to the long-term negative outcomes of natural disasters given
the disruption to their primary systems of social support (eg, families, communities, and schools).4
Although previous studies have indicated that approximately half of children will adjust and recover
within 1 year of a natural disaster without intensive intervention, other studies have demonstrated
that up to one-third will develop chronic symptoms such as posttraumatic stress, depression,
anxiety, substance use, suicidal ideation, and/or aggressive behaviors.4-17 In samples of mainland US
youths, these symptoms were found to be more pronounced among ethnic minorities.18,19
Puerto Rico’s population of children and adolescents just prior to Hurricane Maria was an
estimated 657 000, suggesting that a large number of youths could experience mental health
difficulties directly attributable to their exposure to this climatic event.20 Knowing that the health
and educational risks to students were high, the Puerto Rico Department of Education established a
program to screen all youths enrolled in public schools for disaster exposure and signs of emotional
distress after Hurricane Maria in consultation with trauma researchers familiar with best practices for
screening after a natural disaster. Briefly, those best practices are (1) assessment beginning at 3
months after the event, (2) using data to apportion whatever resources exist to the areas of highest
need, and (3) measuring symptoms of posttraumatic stress, anxiety, depression, and other known
risk factors—for example, demographic characteristics, degree of exposure to disaster, and proximal
and sustained stressors as a result of the climatic event.8,9,11
This study presents the initial results of this screening effort, which are being used to facilitate
the development and wide-scale implementation of an evidence-based system to address the
ongoing mental health needs of Puerto Rican youths after Hurricane Maria.21 The survey described
herein was offered to all public school students in grade 3 or higher in Puerto Rico, representing, to
our knowledge, one of the largest postdisaster screening projects in US history and the largest
sample of Hispanic youths affected by natural disaster (an understudied group in this literature).18 In
addition to the best practices cited earlier, the methods were informed by seminal postdisaster
studies in Puerto Rico and were culturally and linguistically tailored to the unique social context of
the island.22-27

Methods
Participants
A total of 96 108 of 226 808 students participated in the study (42.4% response rate) between
February 1 and June 29, 2018 (5-9 months after Hurricane Maria). Of the 92 682 students who
reported sex, 46 056 were male (49.7%) and 46 626 were female (50.3%). The sample was
reflective of the full range of grades and geographic diversity, with large numbers of participants from
every grade and educational region of Puerto Rico (Table 1). Consent was obtained orally,
participation was voluntary, and students could opt out of participation at any moment. All surveys
JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)
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were completed anonymously and no identifying information was collected. Written consent was
waived by the Puerto Rico Department of Education given that data were deidentified. The
procedures were approved by both the Puerto Rico Department of Education and the Medical
University of South Carolina Internal Review Board. This study was conducted in accordance with the
American Association for Public Opinion Research (AAPOR) reporting guideline.28

Measures
National Child Traumatic Stress Network Hurricane Assessment and Referral Tool
The National Child Traumatic Stress Network Hurricane Assessment and Referral Tool
(NCTSN-HART)6 was developed by the National Center for Child Traumatic Stress after Hurricane
Katrina. The measure’s content is derived in part from the Hurricane-Related Traumatic
Experiences–Revised8,11 and the University of California Los Angeles Posttraumatic Stress Disorder
Reaction Index–Brief (UCLA-RI Brief; R.S. Pynoos and A.M. Steinberg, written communication, May
2018). Collectively, the NCTSN-HART’s items assess exposure to hurricane-related stressors, signs of
posttraumatic stress experienced on that basis, and depressive symptoms. Additional items
assessing potential protective factors (eg, social support) were added in consultation with
postdisaster screening experts. Scoring for exposure to stressor items was constructed to
correspond to the original Hurricane-Related Traumatic Experiences–Revised format, which yielded
subscales of perceived life threat, actual life threat, loss and disruption, and ongoing loss and
disruption (ie, well beyond the immediate physical effect of the hurricane). Similarly, the UCLA-RI
Brief was scored according to standards for the brief-format instrument (ie, scores of ⱖ21 points
indicated a likely diagnosis of posttraumatic stress disorder [PTSD] and the need for further
evaluation). In addition, the instrument includes 4 items that screen for symptoms of depression.
Permission was granted by the authors to implement the NCTSN-HART as a self-report tool after
translating it into Spanish and adapting the items for the Puerto Rican context. This adaptation was

Table 1. Sample Demographics
No. (%) of Students
(N = 96 108)

% of Regional
Populationa

3

1226 (1.3)

NA

4

10 719 (11.2)

NA

5

11 245 (11.7)

NA

6

10 996 (11.4)

NA

7

11 516 (12.0)

NA

8

10 912 (11.4)

NA

9

9243 (9.6)

NA

10

9222 (9.6)

NA

11

9148 (9.5)

NA

12

8066 (8.4)

NA

Unknown or unreported

3815 (4.0)

NA

Arecibo

5666 (5.9)

1.33

Bayamón

13 734 (14.3)

3.34

Caguas

12 194 (12.7)

2.33

Humacao

14 838 (15.4)

3.32

Mayagüez

16 686 (17.4)

3.48

Ponce

17 558 (18.3)

4.34

San Juan

15 432 (16.1)

2.56

Demographic
School grade

Educational region

Abbreviation: NA, not applicable.
a

Percentage of regional population calculated by dividing number of
respondents by estimated total population from US Census Bureau data.
JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)
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accomplished through close communication between the Puerto Rico Department of Education and
one of us (R.O.-A.), who is native Puerto Rican and bilingual.
Distance and Income
Additional calculations were conducted at the level of municipality to discern aerial distance from
Hurricane Maria’s landfall in Yabucoa and driving distance from San Juan, which was the central
location for relief efforts and disbursement of aid. These values were derived from Google Maps
using either Yabucoa or San Juan as the starting point and each individual municipality’s name as the
ending point. Distance was incorporated into analyses to examine the association between
geography, initial and delayed stressful experiences, and symptoms of posttraumatic stress. Median
income for each municipality was obtained from the US Census and also included as a predictor.20

Procedures
Survey implementation was connected to a larger initiative already being implemented by the Puerto
Rico Department of Education. Representatives from each public school (N = 1086) received packets
and deployment instructions from the Puerto Rico Department of Education detailing survey
collection procedures. These school representatives distributed survey packets within their
respective school districts, provided instruction to teachers for administration in their classrooms,
and were responsible for collecting completed materials and returning them to a central Puerto Rico
Department of Education location for processing.

Statistical Analysis
Descriptive statistics were compiled for all outcome variables, as was the frequency of individuals
reporting clinically elevated symptoms of PTSD or depression. Differences in these statistics across
sexes were also examined via t tests. Correlations between demographic, geographic, and main
outcome variables were also calculated, and regressions were conducted to examine their
association with symptoms of PTSD. The first of these analyses entailed sex, grade level, and
municipality as the first of 2 regression steps, with individual risk factors in the second step. The
second analysis involved the same first step, but included municipality median income and distance
from hurricane landfall in the second step and individual risk factors in the third and final step. All
tests were 2-sided and were conducted using P < .05 as the criterion for significance. Given that large
samples tend to facilitate statistical significance for even minor discrepancies or associations
between groups or variables, the results were also examined in terms of absolute differences. All
calculations were conducted using SPSS, version 25.0 (IBM Corporation).

Results
A total of 226 808 youths were solicited, of whom 96 108 (42.4%) participated. As a result of the
hurricane, 83.9% of youths saw houses damaged, 57.8% had a friend or family member leave the
island, 45.7% reported damage to their own homes, 32.3% experienced shortages of food or water,
and 16.7% still had no electricity 5 to 9 months after the hurricane (Table 2). All results for exposure
to hurricane stressors by region are shown in Table 2. Table 3 compiles these items into subscales
and presents the other main outcome measures. Inspection of these data indicated that 29.9% of
respondents perceived their lives to be at risk during the hurricane, with girls (34.2%) reporting this
experience significantly more often than boys (27.3%; t = 22.65; 95% CI of the difference, 0.06-0.07;
P < .001). Mean scores on the UCLA-RI Brief were not in the clinical range of elevation (as expected),
but did differ by sex (t = 27.69; 95% CI of the difference, 1.18-1.35; P < .001), with girls exhibiting
higher mean (SD) scores (9.29 [7.16]) than boys (8.03 [6.76]). Overall, 7.2% of children (n = 6900)
reported clinically significant symptoms of PTSD; comparison of the frequency of reporting clinically
elevated symptoms of PTSD across sex yielded a significant difference (t = 12.77; 95% CI of the
difference, 0.018-0.025; P < .001), with girls (8.2%) exceeding the clinical cutoff score more often

JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 03/26/2021

April 26, 2019

4/10

JAMA Network Open | Psychiatry

Mental Health Among Puerto Rican Youths After Hurricane Maria

than boys (6.1%). Finally, similar analysis of differences in depression between sexes was also
significant (t = 17.56; 95% CI of the difference, 0.31-0.39; P < .001), with girls displaying higher mean
(SD) scores (2.72 [3.14]) than boys (2.37 [2.93]).
Correlations among the variables of interest appear in Table 4, including correlations between
exposure to stressors, symptoms of PTSD, and geographic variables calculated to estimate the
distance between landfall, relief supplies, and individual municipalities. Exposure to hurricanerelated stressors was moderately correlated with PTSD symptoms. Ongoing loss and disruption,
however, was not. In addition, no geographical variable exhibited a meaningful association with other
variables of interest (significant correlations were on the basis of sample size). The association
between median income and clinical variables was similarly inconsequential; however, a moderate
negative correlation between income and distance variables suggested that higher-income areas
were (on average) among the closest to both landfall and later aid coordinated through San Juan,
Puerto Rico’s capitol.

Table 2. Percentage of Sample by Educational Region Reporting Exposure to Hurricane Stressors
Youths, No. (%)
Item Description

Overall
(N = 96 108)

Arecibo
(n = 5666)

Bayamón
(n = 13 734)

Caguas
(n = 12 194)

Humacao
(n = 14 838)

Mayagüez
(n = 16 686)

Ponce
(n = 17 558)

San Juan
(n = 15 432)

Injured during hurricane

3895 (4.1)

189 (3.3)

643 (4.7)

479 (3.9)

723 (4.9)

575 (3.4)

622 (3.5)

664 (4.3)

Family, friend, or
neighbor injured during
hurricane

15 367 (16.0)

835 (14.7)

2397 (17.5)

1983 (16.3)

2444 (16.5)

2511 (15.0)

2612 (14.9)

2585 (16.8)

Family, friend, or
neighbor died

6376 (6.6)

366 (6.5)

933 (6.8)

823 (6.7)

1076 (7.3)

1134 (6.8)

1135 (6.5)

909 (5.9)

Thought own life
was at risk

28 729 (29.9)

1505 (26.6)

4090 (29.8)

3918 (32.1)

5147 (34.7)

4321 (25.9)

5068 (28.9)

4680 (30.3)

Own house damaged

43 901 (45.7)

2333 (41.2)

6958 (50.7)

6303 (51.7)

7841 (52.8)

6108 (36.6)

7264 (41.4)

7094 (46.0)

Belongings damaged

29 818 (31.0)

1433 (25.3)

4620 (33.6)

4200 (34.4)

5538 (37.3)

3893 (23.3)

5001 (28.5)

5133 (33.3)

Forced to evacuate

24 537 (25.5)

1381 (24.4)

3743 (27.3)

2894 (23.7)

3396 (22.9)

4510 (27.0)

5166 (29.4)

3447 (22.3)

Still relocated

5284 (5.5)

340 (6.0)

941 (6.9)

755 (6.2)

931 (6.3)

699 (4.2)

914 (5.2)

704 (4.6)

Saw houses damaged

80 608 (83.9)

4748 (83.8)

11 717 (85.3)

10 458 (85.8)

12 513 (84.3)

13 507 (80.9)

15 000 (85.4)

12 665 (82.1)

Lost a pet

7212 (7.5)

467 (8.2)

1061 (7.7)

1000 (8.2)

1286 (8.7)

1144 (6.9)

1218 (6.9)

1036 (6.7)

Shortage of food or water

31 086 (32.3)

1997 (35.2)

4747 (34.6)

3979 (32.6)

4663 (31.4)

5138 (30.8)

5601 (31.9)

4961 (32.1)

Theft in neighborhood

16 998 (17.7)

1082 (19.1)

2285 (16.6)

2307 (18.9)

3081 (20.8)

2730 (16.4)

2975 (16.9)

2538 (16.4)

Violence in neighborhood

11 990 (12.5)

571 (10.1)

1780 (13.0)

1601 (13.1)

2073 (14.0)

1638 (9.8)

1842 (10.5)

2485 (16.1)

Moved schools

5474 (5.7)

249 (4.4)

604 (4.4)

805 (6.6)

746 (5.0)

1161 (7.0)

713 (4.1)

1196 (7.8)

Helped rescue people

23 124 (24.1)

1250 (22.1)

3622 (26.4)

2986 (24.5)

3371 (22.7)

3795 (22.7)

4366 (24.9)

3734 (24.2)

Parent(s) lost job

10 964 (11.4)

677 (11.9)

1583 (11.5)

1511 (12.4)

2072 (14.0)

1586 (9.5)

1494 (8.5)

2041 (13.2)

Electricity unrestored

80 020 (16.7)

747 (13.2)

3307 (24.1)

2381 (19.5)

5091 (34.3)

1025 (6.1)

2348 (13.4)

1189 (7.7)

Water unrestored

6995 (7.3)

455 (8.0)

1173 (8.5)

750 (6.2)

1161 (7.8)

1223 (7.3)

1140 (6.5)

1093 (7.1)

Friends or family
left island

55 550 (57.8)

3219 (56.8)

8053 (58.6)

7381 (60.5)

9351 (63.0)

9052 (54.2)

9448 (53.8)

9046 (58.6)

Table 3. Summary of Outcome Variables
Score, Mean (SD)
Scale Description

Overall (N = 96 108)

Boys (n = 46 056)

Perceived risk to life (range, 0-1)

0.30 (0.46)

0.27 (0.44)

Girls (n = 46 626)
0.33 (0.47)

Tangible risk to life (range, 0-6)

1.03 (1.02)

1.02 (1.03)

1.06 (1.01)

Loss and disruption (range, 0-8)

2.20 (1.36)

2.15 (1.37)

2.25 (1.34)

Ongoing loss (range, 0-4)

0.87 (0.74)

0.85 (0.75)

0.89 (0.73)

Total risk (range, 0-19)

4.41 (2.44)

4.29 (2.48)

4.53 (2.40)

Depression (range, 0-16)

2.55 (3.05)

2.37 (2.93)

2.72 (3.15)

UCLA-RI Brief

8.65 (7.00)

8.03 (6.76)

9.29 (7.16)

Elevated symptoms of PTSD, No. (%)

6901 (7.2)

2815 (6.1)

3860 (8.3)
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Finally, a regression analysis was conducted to examine demographic and risk variables in terms
of their association with PTSD symptoms. Sex, school grade, and municipality were entered as the
first step in this analysis, and individual risk subscales were entered simultaneously as the second
step. The results of this regression were significant (F = 281.48; P < .001) and accounted for
approximately 20% of variance in symptoms of PTSD (r2 = 0.195; 95% CI, 0.190-0.200), almost all
of which was attributable to risk variables entered in the second step. Repeating this analysis with
median income and geographical distance from landfall and aid entered as the second step, with risk
variables moved to a third step, did not materially change the results (overall r2 = 0.196).

Discussion
The main findings of the study indicated that youths in Puerto Rico experienced significant disasterrelated exposures as a result of Hurricane Maria. Unlike most disasters or negative etiologic risk
factors, however, this devastation and concomitant child and adolescent mental health impairment
appeared to be nearly ubiquitous regardless of geographical location or socioeconomic status. In
addition to the direct effects of the hurricane, the subsequent implications for Puerto Rico’s
economy, culture, and rebuilding efforts were compounded given the mass exodus of much of its
populace.29,30 This expatriation is reflected in the current data in that 57.8% of respondents reported
having a friend or family member who moved away from the island after the hurricane, representing
substantial social upheaval and the need for individual adjustment.
Overall results also indicated broad exposure to numerous stressful characteristics associated
with the hurricane, including witnessing one’s home and other homes being damaged; having
belongings damaged; being forced to evacuate; having a family, friend, or neighbor experience injury
or die; or fearing death or injury of self. In addition, children also reported numerous stressors
associated with the aftermath of the storm, including shortages of food and water, theft and violence
in neighborhoods, and friends or family leaving the island. Based on the results of the screening for
traumatic stress symptoms, 7.2% of children would likely have a diagnosis of PTSD at the time data
were collected for this study. This latter finding was disproportionately present for girls, which is
consistent with previous examinations comparing rates of posttraumatic symptoms across sexes.31,32
Initial loss, social disruption, and fear for one’s life (whether perceived or objective) were associated
with contemporaneous symptoms of PTSD, but long-term disruptions to resources were not. This
finding suggests adaptation to disrupted and impoverished circumstances, unprecedented in US
history prior to this point, and resilience on the part of the Puerto Rican people in facing this
adversity.
It is also possible to further contextualize the results of this study in comparison with previous
examinations of children and adolescents subsequent to a natural disaster in Puerto Rico. For

Table 4. Correlations Among Variablesa
Variable

Median
Income

Landfall

Aid

Perceived Risk
to Life

Actual Risk
to Life

Loss
or Disruption

Ongoing Loss
or Disruption

Depression

PTSD

Median income

NA

−0.48

−0.66

0.01

0.03

0.03

−0.03

0.02

0.02

Landfall

NA

NA

0.77

−0.06

−0.07

−0.06

−0.14

−0.06

−0.04

Aid

NA

NA

NA

−0.04

−0.07

−0.06

−0.09

−0.04

−0.03

Perceived risk to
life

NA

NA

NA

NA

0.20

0.25

0.08

0.20

0.32

Actual risk to life

NA

NA

NA

NA

NA

0.41

0.17

0.22

0.28

Loss or disruption

NA

NA

NA

NA

NA

NA

0.19

0.27

0.34

Ongoing loss or
disruption

NA

NA

NA

NA

NA

NA

NA

0.12

0.11

Depression

NA

NA

NA

NA

NA

NA

NA

NA

0.64

PTSD

NA

NA

NA

NA

NA

NA

NA

NA

NA

Abbreviations: NA, not applicable; PTSD, posttraumatic stress disorder.
a

All values of the correlation coefficient r2 are statistically significant (P < .001).
JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 03/26/2021

April 26, 2019

6/10

JAMA Network Open | Psychiatry

Mental Health Among Puerto Rican Youths After Hurricane Maria

example, a study of the association of Hurricane Georges (which made landfall in Puerto Rico on
September 21, 1998) with child and adolescent mental health yielded similar rates of exposure to
potentially traumatic events and hurricane-related stressors, but much lower rates of likely diagnoses
of PTSD (0.8% vs 7.2% in the current study).24 These discrepancies could be attributable to
differences in the magnitude of the storms, given that Hurricane Georges was a category 3 storm and
Hurricane Maria was a category 4 storm. In addition, the previous study was conducted
approximately 18 months after the hurricane, whereas the current surveys were administered
between 5 and 9 months after Hurricane Maria. It is possible that the elapsed time between disaster
and measurement of the former study contributed to remission of symptoms in many youths who
would have been categorized as having a likely diagnosis of PTSD. Evidence suggests that this pattern
of gradual remission has a pronounced escalation between 8 and 15 months after a disaster, wherein
measurably 50% of diagnoses of PTSD dissipate.12 These differences are unlikely to account for the
entire range of differences in diagnoses of PTSD, however, given that even liberal application of these
data on diagnostic trajectories would estimate an approximately 2% base rate of PTSD by 8 months
after Hurricane Georges in the former study.24
Comparison with studies conducted after other mainland US disasters, however, indicated that
the rates of likely PTSD observed in the current study were lower than those typically reported
(13%-30%).8,12,33 Similar to the trends in trajectory of diagnoses of PTSD noted earlier, the consensus
findings of these studies indicated a steep rate of remission beyond 8 months after the disaster.
Although direct comparisons across studies conducted at different times and in different contexts
are not fully informative, the differences noted in the base rates of PTSD are suggestive of some
interpretations. In particular, the fact that likely diagnoses of PTSD were much less common in the
current data (despite findings of extreme devastation, prolonged impairment to the infrastructure,
and one of the highest mortality rates among all natural disasters in US history) confers the possibility
of moderating factors between traumatic exposure and the eventual development of symptoms of
PTSD that were not assessed in the current study. For example, biological differences have been
previously noted to be associated with differential responses to traumatic events, and the possibility
of sociocultural factors such as familismo, a cultural value placing importance on strong family ties,
may play a role in a given population’s collective response to adversity and confer potential
resilience.34 The lack of inclusion of such potential moderating factors is a limitation of this study.

Limitations
Another potential study limitation is the lack of validation of the Spanish translation of the NCTSNHART measure, which was not validated in Spanish at the time of the study and had not been
previously implemented in Puerto Rico. Although the performance of this instrument in its other
applications has been noted to be psychometrically strong, future studies should nonetheless
examine whether these findings hold for studies in Puerto Rican or other Spanish-speaking samples.
Additional limitations include a somewhat narrow focus on PTSD and depression, given that
traumatic exposure could have had a broader association with many more areas of youths’ lives. This
was unfortunately a calculated trade-off in the design of this study, particularly considering the costs
and attempts to move quickly in data collection to help prioritize deployment of resources to schools
(eg, personnel trained in providing evidence-based, trauma-informed practices). In addition, the lack
of predisaster data on these same children and adolescents (inherent in nearly all disaster-related
research) limited the ability to discern a more precise and/or individualized effect of the hurricane.
Given the thorough response of the Puerto Rico Department of Education and greater public
recognition of the association of disasters with mental health, it is possible that policy development
may eventually allow future studies to address this limitation by facilitating annual, identifiable
completion of mental health surveys by all students every school year.
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Conclusions
Despite the noted limitations, this study contributes to the knowledge of the magnitude of natural
disasters and mental health symptoms of Hispanic youths and broadens the scope of investigations
by including a large population of public school–based children and adolescents. It is also illustrative
of the benefits of research and applied partnerships in responding to social and public system
difficulties.35,36 The work described herein began when the Puerto Rico Department of Education
approached Medical University of South Carolina personnel the day after Hurricane Maria had
dissipated, and was constructed from the onset to entail a community-based participatory
approach.36-38 Ongoing collaboration is also explicitly intended, which will, we hope, enable infusion
of science into practice through development of an evidence-based system and eventual diffusion
into the fabric of typical educational procedures.21 In particular, the Puerto Rico Department of
Education is currently using the findings of this work to most efficiently and effectively deploy
aforementioned trauma-focused resources to the areas of greatest need. This deployment is being
accomplished through continued collaboration in the form of Medical University of South Carolina
personnel along with island- and mainland-based partners providing training, ongoing monitoring,
consultation in trauma-informed care, and resilience-building training to school teachers, social
workers, and psychologists, who in turn will facilitate future research collaborations in several areas
through their provision of services to children and adolescents in need (eg, methods of training,
implementation factors, and treatment outcome). This reciprocal cooperation and administration of
both research and clinical services is also being conducted with very little budget, thus necessitating
creativity, communication, and careful planning of all parties involved. The results of this needs
assessment are helping inform targeted and sustainable evidence-based practices aimed at
improving mental health outcomes for Puerto Rico’s youths after Hurricane Maria.

ARTICLE INFORMATION
Accepted for Publication: March 4, 2019.
Published: April 26, 2019. doi:10.1001/jamanetworkopen.2019.2619
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Orengo-Aguayo
R et al. JAMA Network Open.
Corresponding Author: Rosaura Orengo-Aguayo, PhD, National Crime Victims Research and Treatment Center,
Department of Psychiatry and Behavioral Sciences, Medical University of South Carolina, 67th President St, MSC
861, Charleston, SC 29425 (orengoaa@musc.edu).
Author Affiliations: National Crime Victims Research and Treatment Center, Department of Psychiatry and
Behavioral Sciences, Medical University of South Carolina, Charleston (Orengo-Aguayo, de Arellano); Mental
Health Disparities and Diversity Program, Department of Psychiatry and Behavioral Sciences, Medical University
of South Carolina, Charleston (Stewart, de Arellano); Department of Psychology, Carlos Albizu University, San
Juan, Puerto Rico (Suárez-Kindy); Puerto Rico Department of Education, San Juan, Puerto Rico (Suárez-Kindy);
Department of Psychology, University of Mississippi, Oxford (Young).
Author Contributions: Drs Orengo-Aguayo and Young had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.
Concept and design: Orengo-Aguayo, Stewart, de Arellano, Suárez-Kindy.
Acquisition, analysis, or interpretation of data: Orengo-Aguayo, Stewart, de Arellano, Young.
Drafting of the manuscript: Orengo-Aguayo, Stewart, de Arellano, Young.
Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Young.
Obtained funding: de Arellano.
Administrative, technical, or material support: All authors.
Supervision: Orengo-Aguayo, de Arellano, Suárez-Kindy.

JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 03/26/2021

April 26, 2019

8/10

JAMA Network Open | Psychiatry

Mental Health Among Puerto Rican Youths After Hurricane Maria

Conflict of Interest Disclosures: Dr de Arellano reported receiving personal fees from Kristi House Child Advocacy
Center outside the submitted work. No other disclosures were reported.
Funding/Support: Drs Orengo-Aguayo, Stewart, and de Arellano were supported by Substance Abuse and Mental
Health Services Administration National Child Traumatic Stress Network, Category III grant 1U79SM063224.
Role of the Funder/Sponsor: The funding source had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
REFERENCES
1. National Oceanic and Atmospheric Administration. National Hurricane Center tropical cyclone report: Hurricane
Maria. https://www.nhc.noaa.gov/data/tcr/AL152017_Maria.pdf. Accessed October 14, 2018.
2. Milken Institute School of Public Health, George Washington University. Ascertainment of the estimated excess
mortality from Hurricane María in Puerto Rico. https://publichealth.gwu.edu/sites/default/files/downloads/
projects/PRstudy/Acertainment%20of%20the%20Estimated%20Excess%20Mortality%20from%20Hurricane
%20Maria%20in%20Puerto%20Rico.pdf. Accessed October 14, 2018.
3. Kishore N, Marqués D, Mahmud A, et al. Mortality in Puerto Rico after Hurricane Maria. N Engl J Med. 2018;379
(2):162-170. doi:10.1056/NEJMsa1803972
4. Bonanno GA, Brewin CR, Kaniasty K, Greca AM. Weighing the costs of disaster: consequences, risks, and
resilience in individuals, families, and communities. Psychol Sci Public Interest. 2010;11(1):1-49. doi:10.1177/
1529100610387086
5. La Greca AM, Lai BS, Llabre MM, Silverman WK, Vernberg EM, Prinstein MJ. Children’s postdisaster trajectories
of PTS symptoms: predicting chronic distress. Child Youth Care Forum. 2013;42(4):351-369. doi:10.1007/s10566013-9206-1
6. Kronenberg ME, Hansel TC, Brennan AM, Osofsky HJ, Osofsky JD, Lawrason B. Children of Katrina: lessons
learned about postdisaster symptoms and recovery patterns. Child Dev. 2010;81(4):1241-1259. doi:10.1111/j.14678624.2010.01465.x
7. Furr JM, Comer JS, Edmunds JM, Kendall PC. Disasters and youth: a meta-analytic examination of posttraumatic
stress. J Consult Clin Psychol. 2010;78(6):765-780. doi:10.1037/a0021482
8. La Greca A, Silverman WK, Vernberg EM, Prinstein MJ. Symptoms of posttraumatic stress in children after
Hurricane Andrew: a prospective study. J Consult Clin Psychol. 1996;64(4):712-723. doi:10.1037/0022-006X.
64.4.712
9. La Greca AM, Silverman WK. Treatment and prevention of posttraumatic stress reactions in children and
adolescents exposed to disaster and terrorism: what is the evidence? Child Dev Perspect. 2009;3(1):4-10. doi:10.
1111/j.1750-8606.2008.00069.x
10. Rubens SL, Felix ED, Hambrick EP. A meta-analysis of the impact of natural disasters on internalizing and
externalizing problems in youth. J Trauma Stress. 2018;31(3):332-341. doi:10.1002/jts.22292
11. Vernberg EM, Silverman WK, La Greca AM, Prinstein MJ. Prediction of posttraumatic stress symptoms in
children after Hurricane Andrew. J Abnorm Psychol. 1996;105(2):237-248. doi:10.1037/0021-843X.105.2.237
12. Lai BS, La Greca AM, Auslander BA, Short MB. Children’s symptoms of posttraumatic stress and depression
after a natural disaster: comorbidity and risk factors. J Affect Disord. 2013;146(1):71-78. doi:10.1016/j.jad.2012.
08.041
13. Tang B, Liu X, Liu Y, Xue C, Zhang L. A meta-analysis of risk factors for depression in adults and children after
natural disasters. BMC Public Health. 2014;14:623-634. doi:10.1186/1471-2458-14-623
14. Adams ZW, Danielson CK, Sumner JA, McCauley JL, Cohen JR, Ruggiero KJ. Comorbidity of PTSD, major
depression, and substance use disorder among adolescent victims of the spring 2011 tornadoes in Alabama and
Joplin, Missouri. Psychiatry. 2015;78(2):170-185.
15. Arnberg FK, Gudmundsdóttir R, Butwicka A, et al. Psychiatric disorders and suicide attempts in Swedish
survivors of the 2004 southeast Asia tsunami: a 5 year matched cohort study. Lancet Psychiatry. 2015;2(9):
817-824. doi:10.1016/S2215-0366(15)00124-8
16. Marsee MA. Reactive aggression and posttraumatic stress in adolescents affected by Hurricane Katrina. J Clin
Child Adolesc Psychol. 2008;37(3):519-529. doi:10.1080/15374410802148152
17. Scott BG, Lapré GE, Marsee MA, Weems CF. Aggressive behavior and its associations with posttraumatic stress
and academic achievement following a natural disaster. J Clin Child Adolesc Psychol. 2014;43(1):43-50. doi:10.
1080/15374416.2013.807733

JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 03/26/2021

April 26, 2019

9/10

JAMA Network Open | Psychiatry

Mental Health Among Puerto Rican Youths After Hurricane Maria

18. Perilla JL, Norris FH, Lavizzo EA. Ethnicity, culture, and disaster response: identifying and explaining ethnic
differences in PTSD six months after Hurricane Andrew. J Soc Clin Psychol. 2002;21(1):20-45. doi:10.1521/jscp.21.
1.20.22404
19. Weems CF, Taylor LK, Cannon MF, et al. Post traumatic stress, context, and the lingering effects of the
Hurricane Katrina disaster among ethnic minority youth. J Abnorm Child Psychol. 2010;38(1):49-56. doi:10.1007/
s10802-009-9352-y
20. US Census Bureau. Quick facts: Puerto Rico. https://www.census.gov/quickfacts/pr. Accessed October 14, 2018.
21. Daleiden EL, Chorpita BF. From data to wisdom: quality improvement strategies supporting large-scale
implementation of evidence-based services. Child Adolesc Psychiatr Clin N Am. 2005;14(2):329-349, x. doi:10.
1016/j.chc.2004.11.002
22. Bravo M, Rubio-Stipec M, Canino GJ, Woodbury MA, Ribera JC. The psychological sequelae of disaster stress
prospectively and retrospectively evaluated. Am J Community Psychol. 1990;18(5):661-680. doi:10.1007/
BF00931236
23. Felix E, Hernández LA, Bravo M, Ramirez R, Cabiya J, Canino G. Natural disaster and risk of psychiatric
disorders in Puerto Rican children. J Abnorm Child Psychol. 2011;39(4):589-600. doi:10.1007/s10802-010-9483-1
24. Felix E, You S, Canino G. School and community influences on the long term post-disaster recovery of children
and youth following Hurricane Georges. J Community Psychol. 2013;41(8):1021-1038. doi:10.1002/jcop.21590
25. Rubens SL, Vernberg EM, Felix ED, Canino G. Peer deviance, social support, and symptoms of internalizing
disorders among youth exposed to Hurricane Georges. Psychiatry. 2013;76(2):169-181. doi:10.1521/psyc.2013.
76.2.169
26. Rubens SL, Felix ED, Vernberg EM, Canino G. The role of peers in the relation between hurricane exposure and
ataques de nervios among Puerto Rican adolescents. Psychol Trauma. 2014;6(6):716-723. doi:10.1037/a0036701
27. Sattler DN, Preston AJ, Kaiser CF, Olivera VE, Valdez J, Schlueter S. Hurricane Georges: a cross-national study
examining preparedness, resource loss, and psychological distress in the US Virgin Islands, Puerto Rico, Dominican
Republic, and the United States. J Trauma Stress. 2002;15(5):339-350. doi:10.1023/A:1020138022300
28. American Association for Public Opinion Research. Standard definitions: final dispositions of case codes and
outcome rates for surveys. https://www.aapor.org/AAPOR_Main/media/publications/StandardDefinitions20169theditionfinal.pdf. Accessed March 1, 2019.
29. Meléndez E, Hinojosa J, Roman N. Post–Hurricane Maria exodus from Puerto Rico and school enrollment in
Florida. Center for Puerto Rican Studies. https://centropr.hunter.cuny.edu/sites/default/files/CentroReport-RB201702-POST-MARIA-FL-PR-EXODUS%20%281%29.pdf. Accessed October 14, 2018.
30. Hinojosa J, Meléndez E. The housing crisis in Puerto Rico and the impact of Hurricane Maria. Center for Puerto
Rican Studies. https://centropr.hunter.cuny.edu/sites/default/files/data_briefs/HousingPuertoRico.pdf. Accessed
October 14, 2018.
31. Alisic E, Zalta AK, van Wesel F, et al. Rates of post-traumatic stress disorder in trauma-exposed children and
adolescents: meta-analysis. Br J Psychiatry. 2014;204:335-340. doi:10.1192/bjp.bp.113.131227
32. Kilpatrick DG, Ruggiero KJ, Acierno R, Saunders BE, Resnick HS, Best CL. Violence and risk of PTSD, major
depression, substance abuse/dependence, and comorbidity: results from the National Survey of Adolescents.
J Consult Clin Psychol. 2003;71(4):692-700. doi:10.1037/0022-006X.71.4.692
33. Kessler RC, Galea S, Gruber MJ, Sampson NA, Ursano RJ, Wessely S. Trends in mental illness and suicidality
after Hurricane Katrina. Mol Psychiatry. 2008;13(4):374-384. doi:10.1038/sj.mp.4002119
34. La Greca AM, Lai BS, Joormann J, Auslander BB, Short MA. Children’s risk and resilience following a natural
disaster: genetic vulnerability, posttraumatic stress, and depression. J Affect Disord. 2013;151(3):860-867. doi:10.
1016/j.jad.2013.07.024
35. Chorpita BF, Mueller CW. Toward new models for research, community, and consumer partnerships: some
guiding principles and an illustration. Clin Psychol Sci Pract. 2008;15(2):144-148. doi:10.1111/j.1468-2850.
2008.00123.x
36. Southam-Gerow MA, Hourigan SE, Allin RB Jr. Adapting evidence-based mental health treatments in
community settings: preliminary results from a partnership approach. Behav Modif. 2009;33(1):82-103. doi:10.
1177/0145445508322624
37. Lucero J, Wallerstein N, Duran B, et al. Development of a mixed methods investigation of process and
outcomes of community-based participatory research. J Mix Methods Res. 2018;12(1):55-74. doi:10.1177/
1558689816633309
38. Wallerstein NB, Duran B. Using community-based participatory research to address health disparities. Health
Promot Pract. 2006;7(3):312-323. doi:10.1177/1524839906289376
JAMA Network Open. 2019;2(4):e192619. doi:10.1001/jamanetworkopen.2019.2619 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 03/26/2021

April 26, 2019

10/10

